An outbreak of uric acid and melamine kidney stones and obstructive acute renal failure in children appeared recently in China due to the ingestion of melamine-tainted formula. Liu and colleagues show that calcium urolithiasis is also strongly associated with urine melamine in adults in Taiwan. Although its effect measure is still uncertain, such an association is likely to be causal. These findings prompt further research into the source of exposure, impact in other settings, and changes over time.
A worldwide health scare took place in September 2008 when an outbreak of kidney stones and renal failure in infants appeared in China. This epidemic was caused by the ingestion of powdered infant formula contaminated with melamine. Melamine, C 3 H 6 N 6 , the mass of which contains 66 % nitrogen, is a synthetic chemical, a trimer of cyanamide, which forms resins with formaldehyde; is used in laminates, glues, adhesives, plastics, and some fertilizers; and is also found as a metabolite of the pesticide cyromazine. It is not intended to be used as a food additive for human or animal consumption. Melamine must have been deliberately added to diluted raw milk with the aim of increasing its apparent protein content, since this is usually assessed by nitrogenbased methods. Earlier, in 2004 and 2007, two outbreaks of acute renal failure had been reported in cats and dogs in South Korea and the United States, respectively, associated with pet food contaminated with, among other compounds, melamine and cyanuric acid. 1 Melamine is mainly excreted, largely not degraded, through the urine. Although both melamine and cyanuric acid are thought to have low toxicity if ingested alone at low doses, their combination, with very low solubility, may lead to the formation of melamine cyanurate crystals in the kidney.
The 2008 adulteration originated in China, where, at the time, there was no regular reporting system for the concentrations of common chemical, antibiotic, and carcinogenic components in dairy products. Around 300,000 children were aff ected in China, 50,000 of whom were hospitalized, and at least six died. The melamine contamination also extended to other countries that had imported infant formula from China. To make matters worse, other food products, in addition to milk, were also tainted. Melamine was also detected in eggs, wheat gluten, and other foods. Up to 47 countries reported having received melamine-tainted products. 2 In the United States, several brands of candies, biscuits, cookies, milk, coff ee, chocolates, and other drinks, made from ingredients from China, were withdrawn from the market because of melamine contamination. Globalization and international agrobusiness lead to the ability of food contamination to spread faster than ever. As a result, the WHO (World Health Organization) Foodborne Disease Burden Epidemiology Reference Group attempts to improve the identifi cation, reporting, and elimination of outbreaks of global foodborne diseases. 3 Children presented with oft en asymptomatic, multiple and bilateral kidney stones, with hardly any hematuria or leukocyturia; but some presented with obstructive uropathy and acute renal failure. Melamine stones were not entirely radiopaque and so might go undetected by abdominal plain fi lms, but they were easily detected through ultrasound or computed tomography. Kidney stones were mainly composed of melamine and dehydrated uric acid. Th e pathogenesis of stone formation is not well understood, and no evidence supports a direct toxicity from melamine on renal tubules. According to studies in animals and humans, melamine nephrotoxicity might be mediated by crystal deposition in distal tubular lumen, leading to necrosis, corticomedullary hemorrhage, and infl ammation. Only a minority of children exposed to melamine developed kidney stones, 4 and as a strong association between kidney stones and urine melamine concentration was found, greater exposure might have caused the formation of kidney stones. 5 It was also hypothesized that some susceptibility factors, 4 such as preterm infancy, and perhaps volume depletion, cyanuric acid exposure, uricosuria, and low urine pH, had played a role. 6 Treatment with hydration, alkalinization, or lithotripsy dissolved many stones, although some children needed dialysis treatment. Th e long-term consequences for children who have recovered from acute renal failure are still unknown, but they could have a higher risk of hypertension, microalbuminuria, hyperfi ltration, or chronic kidney disease. 7 What the long-term signifi cance of melamine nephropathy will be with respect to chronic kidney disease is still uncertain. Th e full extent of the epidemic is not yet known, and it may take a long time to disappear. In addition, as melamine is carcinogenic in animals, long-term cancer resulting from contamination cannot be ruled out.
While children aff ected by the tainted formula could have ingested melamine in amounts about 40 -120 times higher than the limit established by the WHO, set at 0.2 mg / kg / d aft er the pet epidemic, adults ' exposure in China from dairy products is estimated to range from 0.8 to 3.5 times the established limit.
Liu et al. 8 (this issue) report a strong association between urolithiasis and melamine exposure. Whereas previous reports have focused on melamine-related kidney stones and renal failure in children, this study reports an almost unknown association between melamine and kidney stones in adults. Th e authors hypothesized wisely that adults with melamine-related kidney stones had been exposed to lower melamine doses than children aff ected in the 2008 outbreak; melamine exposure per unit of body weight must have been lower in adults than in infants or other children. Consequently, the fi nding of the association between melamine and kidney stones suggests that not only high melamine exposure, but also low exposure, might be harmful to human beings, contrary to previously held beliefs.
But Liu and colleagues add virtually new evidence 9 that melamine-related kidney stones in adults might be composed of calcium plus melamine, as well as uric acid plus melamine as has been known since the 2008 tainted-formula outbreak in China. As calcium urolithiasis is by far the most common type of lithiasis, and as its incidence seems to be increasing worldwide, 10 this finding leads to the suspicion that melamine might be a factor involved in the etiology of calcium lithiasis outside Taiwan and China. Liu et al. 8 estimate that the population attributable risk for calcium urolithiasis of exposure to melamine varies between 30 and 50 % , depending on the cutoff used to defi ne high exposure -fi gures that are nearly as high as the attributable risk from low fluid intake and far lower than the risk from urinary uric acid ( Figure 1 ). Th e authors should report the characteristics of melamine-related calcium urolithiasis (symptoms, image fi ndings, treatment) so that it can be distinguished from the unrelated type.
Although the fi nding of melamine in the content of the few stones analyzed is a strong reason to attribute a causal relation to the association between melamine exposure and calcium lithiasis, the article has some limitations that should be taken into account. Because the case-control study had a cross-sectional design, urine melamine was measured at the same time or aft er the kidney stone was diagnosed: there is no information on the urine melamine levels when the stone was being formed. Current urine melamine levels are imperfect surrogates of the actual exposure, given the potential diff erences in eating habits from one day to another and the short half-life of melamine in the human body. In addition, hospital-based controls in a case-control study might affect its validity in several ways: by confounding due to unequal variables between cases and controls, such as socioeconomic status, that relate to the risk of calcium stones; by a diff erence in the probability of hospital admission between the cases and the controls who were exposed -Berkson ' s fallacy; or by the possibility that exposure somehow affects controls. In any case, odds ratios might have been distorted. As a result, odds ratios reported in the article are solely attempts to measure the potential eff ect of melamine exposure on the risk of calcium urolithiasis and should be interpreted with caution.
This study was carried out for four years, until just before the outbreak of the melamine-tainted formula was discovered in 2008. We do not know whether melamine-related calcium or uric acid urolithiasis still remains in China and Taiwan today, after milk contamination was reported stopped. Neither do we know whether melamine-related kidney stones might currently be found elsewhere. Th ere are two other important questions to be answered: the source of the low melamine exposure; and how the incidence of urolithiasis has changed over the past two years in the area in which the study was carried out.
Th e study by Liu et al. 8 was made possible by the ability to measure melamine in both urine and stone content. In the future, other compounds might also be measured so that we can deepen our knowledge of the causes of kidney stones and, subsequently, their prevention. Melamine-related kidney disorders remind us of the importance of environmental factors in kidney disease. In addition to medications, drug abuse, toxins, and food agents contribute to the burden of disease. Environmental kidney disease is caused not only by old culprits, such as lead, cadmium, and mercury, but also by new ones that have appeared in the past years, such as phosphate-containing bowel preparations and gadolinium-chelating agents. 6 Th e potential impact on public health of melamine-related nephropathy deserves much attention and surveillance in the coming years.
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The authors declared no competing interests. Th ere is much evidence that raised blood pressure (BP) throughout its range (that is, starting at 115 / 75 mm Hg) is a major cause of cardiovascular disease (CVD) 1 -strokes, heart attacks, heart failure, and renal disease. A modest reduction in salt intake lowers BP and, therefore, would reduce CVD. Indeed, both prospective cohort studies and outcome trials have demonstrated that a lower salt intake is related to a reduced risk of CVD. 2, 3 Over the past few years, this evidence has been repeatedly reviewed by several independent national and international panels of experts around the world. All have reached the same conclusions and developed recommendations for a population-wide reduction in salt intake to prevent CVD. 4 -7 Contrary to the above, a recent study by Stolarz-Skrzypek et al. in the Journal of the American Medical Association claimed that ' lower sodium excretion was associated with higher CVD mortality. ' 8 Detailed examination of this study, however, reveals many serious flaws. Most importantly, there are substantial concerns related to the collection of 24-h urine specimens, leading to misclassifi cation and bias. Th is is a common problem in cohort studies with paradoxical fi ndings. 9 -11 Specifi cally, individuals in the lowest tertile of 24-h urinary sodium also had lower 24-h urine volume, lower potassium, and lower creatinine excretion. Th is pattern of fi ndings clearly indicates an undercollection of 24-h urine that could not be fully explained by a lower body weight.
Further support for undercollection of 24-h urine is evident in the methods section, where it is reported that ' participants collected an exactly timed 24-h urine sample in a 2500 ml wide-neck plastic container. ' 8 It appears that only one 2.5-liter container was provided to the participants, which is not large enough for individuals who drink more fl uid. Th is would lead to undercollection of urine in these people. Th e standard practice is to give a 5-liter container to adults and a 2.5-liter container to children. Taken together, these issues suggest that many of the individuals in the lowest sodium-excretion tertile were likely misclassifi ed because they did not properly collect a full 24-h urine.
Nonadherence to instructions could also have played a role. If individuals could not collect their urine properly, they may be less compliant with BP or other treatments. It is therefore not surprising that they may have a higher CVD mortality, given that they also had higher cardiovascular risk factor levels -the lowest level of educational attainment, higher baseline systolic BP, higher total cholesterol levels, and a higher prevalence of smoking. 8 An association of increased mortality with low urinary sodium excretion was also reported in a cohort of diabetics, but the levels of urinary sodium excretion were biologically implausible, as low as 20 mmol / d, consistent with undercollection. In this study, the nearly 20-fold increased risk of mortality was most likely due to noncompliance with collection procedures. 10 Overall, incomplete collection of 24-h urine in cohort studies refl ects poor adherence to data collection procedures and is similar conceptually to nonadherence in clinical trials, where it is well documented that nonadherence, even to placebo, is associated with high mortality rates. 12 
